It is widely accepted that black holes (BHs) with masses greater than a million solar masses (M ⊙ ) lurk at the centres of massive galaxies. The origins of such 'supermassive' black holes (SMBHs) remain unknown 1 , while those of stellar-mass BHs are well-understood. One possible scenario is that intermediate-mass black holes (IMBHs), which are formed by the runaway coalescence of stars in young compact star clusters 2 , merge at the centre of a galaxy to form an SMBH 3 . Although many candidates for IMBHs have been proposed to date, none of them are accepted as definitive. Recently we discovered a peculiar molecular cloud, CO-0.40-0.22, with an extremely broad velocity width near the centre of our Milky Way galaxy.
object reproduce the kinematics of dense molecular gas well, which suggests that CO-0.40-
0.22
* is the most promising candidate for an intermediate-mass black hole.
CO-0.40-0.22 is a compact cloud (∼ 5 pc) with an extremely broad velocity width (∼ 100 km s −1 ) and very high CO J=3-2/J=1-0 intensity ratio (≥ 1.5) detected at a projected distance of ∼ 60 pc away from the galactic nucleus 5 . It belongs to a peculiar category of molecular clouds called high-velocity compact clouds (HVCCs) that were originally identified in the CO J=1-0 survey data [6] [7] [8] . CO-0.40-0.22 is only a dense cloud with a negative velocity detected in HCN J=4-3 line within the 0.3 • ×0.3
• area including it 4 . It has a continuous and roughly straight entity in the position-velocity maps, seeming not to be an aggregate of unrelated clouds with less broad velocity widths. The kinematical structure of CO-0.40-0.22 can be explained as being due to a gravitational kick experienced by the molecular cloud caused by an invisible compact object with a mass of ∼ 10 5 M ⊙ . The compactness and absence of a counterpart at other wavelengths suggest that this massive object is an inactive IMBH, which is not currently accreting matter. This is the second-largest black hole candidate in the Milky Way galaxy affter Sgr A * , as well as the second pc) and has a broad velocity width (∼ 100 km s −1 ). We also see ∼ 20 rather faint clumps. These M ⊙ , which indicates that the clump must not be bound by its self-gravity.
In the near-vicinity of the compact dense gas clump, we detected a point-like continuum source (Fig. 1b) . It is located at (l, b) = (−0.3983 The spectral index at 231/266 GHz is α = 1.18 ± 0.65, which indicates an inverted non-thermal spectrum or a thermal spectrum near the peak. A least-squares fit to the 231 and 266 GHz fluxes by the Planck function gives T ≃ 9 K. This temperature is far lower than dust temperatures in protoplanetary disks and even lower than the typical dust temperature in the central molecular zone of our Galaxy (T d = 21 ± 2 K) 12 . Alternatively, a background submillimetre galaxy at high redshift may show a millimetre-wave spectrum similar to CO-0.40-0.22 * . However, the chance probability of a submillimetre galaxy with a flux greater than 10 mJy within a 10 ′′ diameter circle is estimated to be only ∼ 0.1 % based on the observed number density of such objects 13 . Thus, the thermal origin of millimetre-wave emission from CO-0.40-0.22 * is implausible. Rather, it may be an inverted non-thermal (power-law) spectrum like that of Sgr A * . The inverted spectrum could be due to the absorption. The theoretically steepest synchrotron self-absorbed spectrum has
What is CO-0.40-0.22 * ? The observed flux densities correspond to ∼ 1/500 of the Sgr A * luminosity at the same frequency. By inspecting the X-ray data obtained by XMM Newton, we obtained an upper limit to the 1-7 keV flux density of CO-0.40-0.22
. This is also consistent with the 1:500 scale spectrum of Sgr A * (Fig.3) . All of the observed facts indicate it is possible that millimetre-wave emission from CO-0.40-0.22 * are presumably from the near-vicinity of an IMBH. Now, we have the accurate position of the IMBH candidate. We accordingly refined the gravitational kick model for CO-0.40-0.22. We basically followed the parameters employed in the previous paper 4 except for the inclination of the orbital plane (i = 70
• with respect to the line of sight). In the new simulation, we included self-gravity within the model cloud and set it initially virialized. We placed a point-like mass of 10 5 M ⊙ at the centre and a spherical cloud at (X, Y ) = (9.8 pc, −0.65 pc) in the coordinates defined by the orbital plane (see Fig. 4 for the configuration). The origin was set to the centre of gravity. Then, the model cloud was thrown with an initial velocity of (v X Where did the IMBH come from? Runaway stellar mergers at centres of dense star clusters can produce massive BHs. However, the ratio of the BH mass (M BH ) to the parent cluster mass (M C ) is typically ∼ 1/1000 2, 17 , which is also between the masses of an SMBH and the galactic bulge 18 . According to this M BH -M C relation, a 10 5 M ⊙ BH requires a parent cluster of ∼ 10 8 M ⊙ , which is rather categorized in the upper hierarchy, i.e. a dwarf galaxy. Black holes with masses of less than a million M ⊙ have been suggested in the nuclei of nearby dwarf galaxies 19 . It is believed that large galaxies such as the Milky Way grew to their present form by cannibalizing their smaller neighbours. In fact, a minor merger event ∼ 200 Myr ago was suggested by infrared stellar populations in the central kiloparsec 20 . To date, more than 50 satellite galaxies have been discovered within 420 kpc from the Milky Way. We suggest that CO-0.40-0.22 * used to be the nucleus of a dwarf galaxy which was cannibalized by our Milky Way.
The compact radio source in HVCC CO-0.40-0.22 strongly supports our theory that a gravitational kick by an IMBH is responsible for the extraordinarily broad velocity width of this HVCC. 
